The effects of retail cut type on chemical, quality and nutritional characteristics of horse meat were studied. Jeju female breed horses (n = 9) at 32-mo-old were slaughtered and the carcasses at 24 h post-mortem were fabricated into 10 retail cuts including: tender-loin, loin, strip-loin, shoulder-chuck-roll, shoulder-clod, top-round, outside-round, brisket, short-plate-brisket, and shank. The results revealed that all of parameters (chemical, meat quality and nutritional composition) examined significantly (p<0.05) differed between the cuts. The chemical composition range (minimum to maximum) of cuts was found as such: moisture 65.06% to 71.69%; protein 19.07% to 21.28%; collagen 1.40% to 2.45%; fat 2.56% to 12.14% and cholesterol 55.76 to 79.50 mg/100 g. Shoulder-chuckroll had the highest pH and water-holding capacity, while top-round had the highest cooking loss. Shear force ranged between the cuts from 2.80 kg/cm 2 to 4.98 kg/cm 2 . The Cu, Fe, and Zn contents ranged between the cuts from 1.52 mg/kg to 2.75 mg/kg, 21.25 mg/kg to 30.85 mg/kg, and 16.51 mg/kg to 40.42 mg/kg, respectively. Additionally, most of the cuts studied showed favorable polyunsaturated fatty acid/saturated fatty acid, n-3/n-6 and essential amino acid/non-essential amino acid ratios. (
INTRODUCTION
Horses were domesticated thousands of years ago and are currently used for transport, riding and meat production purposes. Horse meat is progressively consolidating its position in the markets, which is evidenced by an increase in production and consumption of this meat type. According to Gill (2005) , the amount of horse meat produced in 2004 was the highest in Asia (281,000 tons), followed by South America (84,000 tons) and Western Europe (64,000 tons. According to the recent data from the Food and Agricultural Organization (FAO, 2010) , China produced 170,848 tons of horse meat to become one of the largest horse meat producers in the world. Besides, from 2006 to 2010, U.S horse exports for slaughter increased by 148% and 660% to Canadian and Mexican markets, respectively. In recent years, additionally, a demand for alternative meat compared to conventional meat is increasing and horse meat plays a major role in this context and is claimed as "dietetic" meat .
Regarding the nutritional aspect, the horse meat is a good source of important nutrients, as characterized by high protein and trace-minerals contents, higher polyunsaturated fatty acids (PUFA) content and PUFA/saturated fatty acid (SFA) ratio in comparison to the other conventional meats such as beef and pork Tateo et al., 2008; Lorenzo et al., 2014) . In addition, regular consumption of this meat type may contribute to reduced total and low-density lipoprotein cholesterol intakes and improve omega-3 index, docosahexaeneoic acid (C22:3n-6) and iron status (Del Bo et al., 2013) . Moreover, horses also show high suitability for meat production, reflecting good dressing percentages very close to 70% in meat yield (Juarez et al., 2009) .
So far, the two main horse categories which commonly slaughtered for human consumption are; i) animals that come from drought races or saddle horses, often at the end of their career (Badiani and Manfredini, 1994; Tateo et al., 2008) , and ii) foals that are usually weaned on natural pasture and immediately finished in feedlot on concentrates and hay or straw until target slaughter weight (Sarriés and Beriain, 2005; Franco et al., 2011; Franco and Lorenzo, 2014) . In general, the animals belonging to the second category are usually slaughtered at younger age usually from 6 to 24-mo-old, while horses with age of around 30-mo-old similar to the slaughter age of bovine steers and heifers (Campo et al., 2010) have not been studied for their meat quality characteristics.
In the meat industry, in case of beef for example, after slaughter and deboning, the carcass is usually made into commercial beef cuts (Maeno et al., 2014) , with the retail price differing considerably among these cuts, for instance, from US$4.97/100 g for brisket to US$11.57/100 g for tender-loin (JMI, 2010) . Although the scientific information regarding the horse meat quality is available, most of the researchers only focused on evaluating the influences of exterior factors (e.g., as sex, breed and diet), and more noticeably they only used the longissimus dorsi muscle as a representative sample in their studies to assess the effects of aforementioned factors on the quality characteristics of this meat type. Whereas, for the other remaining muscles/or cuts that account for a significant weight ratio and contribute to the determination of final economic value of a horse carcass, little attention has been paid to evaluating the variations in the quality characteristics between the cuts. In order to grow the consumption and promote the trade activities of horse meat more detailed studies on the factors affecting the quality of this meat type are required. Therefore, the aim of this study was to assess the influence of retail cut type on the technological quality traits, nutritional quality and sensory characteristics of horse meat slaughtered at 32-moold.
MATERIALS AND METHODS

Animals and sample preparation
Jeju female crossbreed horses (n = 9) obtained from a local farm in Jeju province, Korea were used in the present research. Animals were reared with their mothers on pasture and kept suckling until the weaning age (6-mo-old). After weaning, the animals were fed ad libitum with a dried grass (Tall fescue) diet supplemented with 1.6% concentrate until 32-mo-old. The basal composition of the concentrate diet supplemented in the present study contained 17.12% crude protein, 5.02% crude fat, 6.30% crude fiber, 3.59 cal/g, 11.80% moisture, 0.26% Ca, 0.07% P, 0.06% Mg, 1.33% K, 0.03% Na, Cu (7.81 mg/kg), Fe (59.7 mg/kg), Mn (89.4 mg/kg), and Zn (27.8 mg/kg). The average live weights of horses at slaughter were 360±20 kg. The animals were stunned with a captive bolt, slaughtered and dressed. On completion of dressing, each carcass was split and then chilled for 24 h in a chilling room (2°C±2°C). At 24 h postmortem, the carcass sides were transferred to a cutting room where 10 retail cuts were obtained from both carcass sides of each animal according to the Standard for retail cut trading (MFDS, 1996) and the Korean carcass grading system (1998) . The cuts (with their representative muscles) were: loin (longissimus dorsi muscle from 1 st to 13th thoracic vertebrae), strip-loin (longissimus dorsi muscle from 1 st to 5th lumbar vertebrae), shoulder-chuck-roll (splenius and ventral serratus muscles), shank (extensor digitorum longus and extensor digitorum pedis lateralis muscles), outside-round (biceps femoris and vastus lateralis muscles), tender-loin (psoas major and psoas minor muscles), shoulder-clod (supraspinatus and triceps brachii muscles), brisket (cranial superficial pectoral and brachiocephalicus muscles), top-round (semimembranosus and semitendinosus muscles) and short-plate-brisket (obliquus externus abdominis, transversus abdominis and rectus abdominis). Immediately following, the cuts were placed in plastic bags and transferred to the Laboratory of Meat Science, where the cuts were carefully trimmed of all visual fats and connective tissue. Thereafter, the cuts from the right side of each carcass were ground using a meat chopper (model SMC-12, SL Co., Incheon, Korea) and then used for analysis of proximate composition, whereas those from the opposite sides of carcasses were cut into subsamples sizes depending on the type of analysis in the following order: technological quality traits (pH, waterholding capacity [WHC] and color+cooking loss+shear force) and nutritional composition (fatty acid-amino acidmineral contents). For the samples which used for nutritional composition analysis were placed in plastic bags, vacuum-packaged and stored at -20°C until use.
Proximate composition analysis
The proximate composition such as crude fat, crude protein, moisture and collagen contents in the cuts were analyzed using a Food Scan Lab 78810 (Foss Tecator Co., Ltd., Hillerod, Denmark) according to the method of the Association of Official Analytical Chemists (AOAC, 2006) . To determine calories, the sample was homogenized in a blender (HMF 3160S, Hanil Co., Seoul, Korea), and then the homogenate was used for caloric measurement with a calorimeter (model 1261, Parr instrument, Moline, IL, USA). Calories were expressed as cal/g of the sample. Cholesterol content was determined according to the method of Rhee et al. (1982) .
pH measurement
The pH values of cuts were determined with a pH*K 21 (NWK-Technology GmbH, Kaufering, Germany) equipped with a stainless steel, solid-state probe, ensuring that the probe was inserted deep into the muscle tissue. Prior to use, the pH meter was calibrated with pH 4 and 7 standards (NWK Technology., Bayerntrasse, Kaufering, Germany). The pH mean values of each sample were the average of the two readings.
Water-holding capacity
The WHC of the cuts was measured using the method as described by Sakata et al. (1993) .
Color, cooking loss and Warner-Bratzler shear force value measurement
The color, cooking loss and Warner-Bratzler shear force (WBSF) were measured on the same steak of each cut. Briefly, color was determined on freshly cut surface of steak samples at five different locations after 30 min of blooming using a CR-400 chroma meter (Minolta Co., Osaka, Japan). The instrument was standardized with a provided white plate (Y = 86.3, X = 0.3165 and y = 0.3242) prior to use. The color values were expressed according to the Commission International de l'Eclairage (CIE) system (CIE, 1976) and reported as L* (lightness), a* (redness), and b* (yellowness), chroma and hue angle (h°). In which the chroma and hue angle were calculated as (a* 2 +b* 2 ) 0.5 and tan -1 (b*/a*), respectively.
After color measurement, the steak samples were used to determine cooking loss and WBSF. The cooking loss and WBSF of horse meat cuts were measured using the method as described by Hwang et al. (2004) with minor modifications. Briefly, steaks (3.0-cm thick) of about 300 g were placed in plastic bags, put in a pre-heated 72°C water bath (Water-bath BS-21, Jeiotech Co., Daejeon, Korea) and then cooked for a further 30 min after their core temperature had reached 70°C. The core temperature of samples was monitored using a copper-constantan thermocouple attached to a thermo recorder (Model TR-71U; T & D Corp., Tokyo, Japan). The cooked samples were immediately cooled in a circulatory water bath set at 18°C for 30 min to reach a core temperature below 30°C, removed from the bags and then re-weighed to determined cooking loss. For the WBSF measurement, 6 strips core samples that had an average diameter of 0.5 inches and length of at least 2 cm were removed parallel to the muscle fiber direction of each sample using a 0.5 inch metal corer. The WBSF values were obtained by completely cutting the 6 representative strips of each sample in an Instron Universal Testing Machine (Model 4465, Instron Corp, High Wycombe, UK) using a crosshead speed of 200 mm/min and a 40 N load cell.
Fatty acid composition
Total lipids were extracted according to the methods of Folch et al. (1957) , and Morrison and Smith (1964) . Subsequently, the fatty acids were analyzed using a gas chromatograph system (Varian star 3600, Varian, Inc., City, CA, USA) equipped with flame ionization detector and Omegawax 205 fused-silica bond capillary column (30 m×0.32 mm×0.25 µm film thickness). The initial and final temperatures of the oven were 140°C and 230°C, respectively. The injector port and detector temperatures were 250°C and 260°C respectively. Individual fatty acids were confirmed on the basis of retention time through comparison with a commercially available mixture of fatty acids (PUFA No.2-Animal Source, Supelco, Bellefonte, PA, USA). The fatty acid profile was expressed as percentage of individual fatty acids identified.
Mineral contents
Mineral contents were determined by following the method of Matilainen and Tummavuori (1996) . Briefly, five grams of each sample was destroyed by dry ashing in a microwave ashing oven (MAS 7000, CEM Corp., Mathews, NC, USA) for 12 h with a final temperature of 600°C. The ash content was dissolved in 10 mL of 37% HCl and distilled water (1:1 v/v) solution and was then filtered through Whatman filter paper (No.6) (AEC scientific Co., Seoul, Korea). Minerals including Na (selected wavelength 588.9 nm), K (766.5 nm), Ca (422.7 nm), Mg (285 nm), P (470 nm), Fe (248.3 nm), and Zn (213.9 nm), Mn (279.5 nm), Cu (324.7 nm) and Cr (357.9 nm) were determined by atomic emission spectrophotometer ICP-OES (Spectro, Boschstr, Kleve, Germany). A calibration curve was prepared for each element.
Amino acid contents
The sample preparation for amino acids analysis was performed according to the procedure of Aristoy and Toldra (1991) . Briefly, the samples were hydrolyzed with 6 N HCl solution for 24 h at 110°C. The hydrolyzed samples were concentrated at 50°C and then diluted with 50 mL of 0.2 N sodium citrate buffer (pH 2.2), and finally were filtered through 0.45 μm filters (Millipore Corp., Biedford, MA, USA). To avoid the oxidation of cysteine and methionine, 20 mL of performic acid was added to each sample as a protective agent before the acid hydrolysis. The amino acids were then determined by applying the filtrates (30 μL each) to an amino acid analyzer (model 8900A) equipped with an exchange column (4.6×60 mm) (Hitachi, Japan). The separation and detection of amino acids were carried out using the method as described by Moya et al. (2001) .
Statistical analysis
The effect of different cut types on the chemical, technological quality and nutritional characteristics of horse meat was analyzed using the General Linear Model procedure of SAS (Statistic Analysis System Institute, Cary, NC, USA, 2007) considering the cut type as the main effect. Mean values of the measurements were compared using the Duncan's multiple-range test at the significance level of 0.05.
RESULTS AND DISCUSSION
Effect of cut type on proximate composition
The mean values for the proximate composition traits of horse meat cuts are shown in Table 1 . The cut type significantly (p<0.05) affected all of the proximate compositions determined with exception of calorie content. The moisture content ranged between the cuts from 65.06% to 71.69%, and were lower than the values (74.78% to 77.40%) reported in the literature for various muscles of foals slaughtered at younger ages, 9-and 15-mo-old (Franco et al., 2011; . The protein contents in loin (21.09%), strip-loin (21.44%), top-round (21.28%) and shank (20.99%) were not significantly different from each other (p>0.05) but they were significantly (p<0.05) higher than those in the other remaining cuts such as shoulder-clod (20.10%) and brisket (20.38%). The cuts with the lowest protein contents were shoulder-chuck-roll (19.69%) and short-plate-brisket (19.07%). Similar to our results, those of Tateo et al. (2008) showed that protein content in foal meat was significantly affected by the muscle type. Sarriés and Beriain (2005) reported lower protein levels (19.90% to 20.59%) in longissimus dorsi muscle of 16-and 24-mo-old foals, similarly Franco et al. (2011) also reported lower levels (20.44% to 20.61%) in longissimus dorsi muscle of 9-12mo-old foals compared to those in loin as well as other cuts in our study. The difference in protein contents could be due to the differences in slaughter age and breed between the studies. For the collagen content, shank had the highest level (2.45%), followed by shoulder-chuck-roll (2.1%), shoulder-clod (1.76%) and other remaining cuts (p<0.05), however, no difference in collagen content occurred between the tender-loin, loin, strip-loin, top-round and outside-round (p>0.05). The variations in collagen contents could be due to the difference in physical activity in relation to the anatomical position between the cuts. The fat content ranged between the cuts from 2.56% to 12.14%, in which short-plate-brisket had the highest fat content, shoulder-clod had lower, and top-round had the lowest level (p<0.05). Whereas, no statistical difference (p>0.05) was observed between the tender-loin, loin, strip-loin, shoulder-chuck-roll and brisket for the fat content. In general, the fat levels in all cuts examined in this study were higher than those reported in the literature for longissimus dorsi, semitendinosus, semimembranosus, psoas major and minor, biceps femoris as well as triceps brachii muscles of 9-24mo-old foals Franco and Lorenzo, 2014) . According to the previous reports which indicated that the meat with higher fat content or marbling level usually has better eating quality and is more preferred by consumers (Maeno et al., 2014) . When compared to the fat levels in muscles of horses slaughtered at younger age as cited above, all cuts in the present study had higher fat contents.
High cholesterol intake has been associated with an elevated risk of cardiovascular diseases such as coronary heart disease and high blood pressure as well as diabetes (Kratz, 2005) . The cholesterol content in meat as a whole, therefore, becomes a concern of consumers. The outcome of our analysis showed that the highest cholesterol content was found in tender-loin (79.50 mg/100 g sample) and the lowest was found in short-plate-brisket (55.76 mg/100 g sample), and no difference in cholesterol level occurred between the other remaining cuts. In contrast to our finding, found no significant differences in cholesterol levels between muscles of 15-mo-old foals. In general, the cholesterol levels in some cuts such as loin, strip-loin, shoulder-clod, brisket, short-plate-brisket and shank were almost equal whereas those in some cuts such as tender-loin, shoulder-chuck-roll, top-round and outsideround were higher than the cholesterol levels reported for various muscles of 6 to 24 month old foals . The recommended maximum cholesterol intake is 300 mg per day (American Heart Association, 2008), therefore, for example; consuming 200 g of horse loin in this study represents a cholesterol intake of 126.32 mg, which corresponds to approximate 42% of the recommended maximum daily cholesterol intake.
Effect of cut type on color
Our results depict a significant difference in color traits between the cuts (Table 2) . Particularly, the lightness values ranging between the cuts from 32.61 to 36.56, were lower than the values (41.07 to 41.19) reported for longissimus dorsi muscle of 9 and 12-mo-old female foals (Franco et al., 2011) , and also lower than the values reported for the longissimus dorsi, semitendinosus, semimembranosus, psoas major and minor, and biceps femoris muscles of 15mo-old male and female foals . For the CIE a* (redness), values ranged between the cuts from 16.01 to 18.55 in this study. In the comparison between cuts for the redness, shoulder-chuck-roll had the highest value, tender-loin and short-plate-brisket had lower values whereas top-round had the lowest value (p<0.05). The differences in intensity of redness may be explained as the difference in anatomical positions which differ in myoglobin contents between the cuts. The finding of our study agrees well with those of Tateo et al. (2008) and , who showed a significant effect of muscle type on the color of horse meat. However, the intensity of redness of the cuts in our study gave a*-values higher than the values (9.38 to 11.92) of various muscles of 11-mo-old female foals (Tateo et al., 2008) , and also higher than the values (10.40 to 15.60) reported for longissimus dorsi muscle of 16-24-mo-old female foals (Sarries and Beriain, 2006) . Those contrasting results may be due to the slaughter age difference, with lower myoglobin content in muscles for the earlier age at slaughtering compared with that for the older age at slaughtering (Tateo et al., 2008) . Similarly, Sarries and Beriain (2005) found higher a*-values in longissimus dorsi and rectus abdominis muscles of 24-mo-old foals compared with those in the same muscles of 16-mo-old counterparts. Regarding CIE b* (yellowness), values ranged between the cuts from 5.99 to 7.65, in which the tender-loin and shoulder-chuck-roll had the highest values (7.65 and 7.61, respectively) whereas shoulder-clod had the lowest value (5.99). Previous studies reported that factors such as slaughter age, sex and breed significantly affected the yellowness values of horse meat (Sarries and Beriain, 2006; Juarez et al., 2009) . In our study we kept all the above mentioned factors constant for the selected animals but still a significant difference in the yellowness value between the cuts was observed, which was probably due to the difference in fatty acids composition of the intramuscular fat between the cuts. For the chroma and hue angle, values ranged between the cuts from 17.24 to 20.09 and 19.76 to 23.47, respectively in the present study. In comparison between the cuts for these two colorimetric traits, shoulder-chuck-roll had the highest chroma value and tender-loin had the highest hue angle value. Color is an important quality trait which considerably influences the salability, appearance and attractiveness of meat to consumers (Faustman and Cassens, 1990) . However, horse meat is rich in myoglobin with high ability to combine with oxygen, which accelerates the oxidation of the bright red oxymyoglobin to brown metmyoglobin , and finally oxygen reduces the stability of the red color as well as shortens the shelf-life of horse meat (Badiani and Manfredini, 1994) . Therefore, some optimal solutions such as using suitable packaging or storage techniques (Sekar et al., 2006) to enhance color stability of this meat type are needed.
Effect of cut type on PH, water holding capacity, cooking loss and shear force value
Some technological quality traits such as pH, WHC, cooking loss and shear force of cuts are presented in Table 3 . With regard to the meat pH, which showed a significant (p<0.05) difference among the cuts in which shoulder- chuck-roll had the highest value (5.95); followed by shank (5.85), loin (5.80), shoulder-clod (5.74) and short-platebrisket (5.70) while the lowest values were in trip-loin (5.58), top-round (5.60), outside-round (5.62) and brisket (5.66). These differences in pH values could be due to the differences in physical activity, levels of glycogen stored and its degradation rate among the cuts. The values of meat pH in some cuts such as strip-loin, top-round, outside-round and brisket were almost similar whereas those of loin, shoulder-chuck-round, shoulder-clod and shank were higher than the values (5.61 to 5.66) reported for various muscles of 15-mo-old foals . Contrary to our results, these authors and Tateo et al. (2008) reported no difference in pH values among the muscles, while Litwinczuk et al. (2008) found higher pH value in longissimus lumborum (5.72) than in semitendinosus muscle (5.69) of 10 years old horses. These contrasting results could be explained due to the differences with respect to the pre-slaughter state of the animal (e.g., stress degree and starvation duration), feeding/or diet and slaughter age between the studies. The results of WHC evaluation showed significant differences among the cuts, ranging from 49.44% to 54.77%. The cuts that had the highest capacity to hold water were strip-loin (54.77%), tender-loin (53.57%) and shank (53.90%) whereas the cut with the lowest WHC value was short-plate-brisket. Our findings agree well with that of Tateo et al. (2008) , who showed a significant effect of muscle type on WHC of meat from 11-mo-old foals. When compared to the WHC values reported for longissimus dorsi muscle (18.19% to 20.04%) of foals slaughtered at 6-, 11and 18-mo-old (Palo et al., 2013) , or biceps femoris (36.87%), longissimus dorsi (33.56%), rectus femoris (39.15%), semimembranosus (39.74%) and semitendinosus (32.50%) muscles of 11-mo-old foals (Tateo et al., 2008) , all cuts studied had higher WHC values. Previous studies on pork, beef and chicken (Huff-Lonergan and Lonergan, 2005) showed an association of ultimate pH with WHC, particularly the meat with higher ultimate pH value usually has higher WHC. In the present study, therefore, the differences in WHC values could be explained partly due to the pH differences between the cuts.
With regard to cooking loss, our results showed that the loss level (27.40%) in top-round was higher (p<0.05) than that (23.38%) in tender-loin but not significantly (p>0.05) different with those from other cuts such as strip-loin, shoulder-chuck-roll, shoulder-clod, out-side-round and brisket. The cut which showed the lowest cooking loss level was short-plate-brisket (22.27%). It has been found that fat content is one of the factors affecting the cooking loss for instance; beef with higher fat level had lower cooking loss (Han et al., 1996) . Therefore, the results indicating the differences in cooking loss levels could be due to the fat differences between the cuts (Table 1) . On the other hand, the cooking loss levels ranged between the cuts from 22.27% to 27.40% in the present study were almost similar the values (22.67% to 27.36%) reported for various muscles of 11-mo-old foals cooked to an internal temperature of 70°C for 3 min (Tateo et al., 2008) , but higher than the values (13.89% to 20.77%) reported for various muscles of 15-mo-old foals cooked until the core temperature reached 70°C Franco and Lorenzo, 2014) . It has been well established that the cooking loss increases as the cooking temperature increased (Lepetit et al., 2000) , therefore, the differences in loss levels could be due to the differences in cooking conditions between studies.
The WBSF evaluation revealed significant differences among the cuts with the values ranged between the cuts from 2.80 to 4.98 kg/cm 2 . The cut with the highest WBSF value was shank (4.98 kg/cm 2 ), brisket had lower value (4.44 kg/cm 2 ) whereas tender-loin presented the lowest value (2.80 kg/cm 2 ) (p<0.05). The variations in shear force values could be due to the differences in anatomical position and physical activity which finally affect the collagen contents (Table 1) between the cuts. According to the tenderness categories classification proposed by Belew et al. (2003) , the horse meat cuts within this investigation can be considered as "very tender" (WBSF<3.2 kg) was the tender-loin; the cuts considered as "tender" (3.2<WBSF<3.9 kg) were the loin, strip-loin, shoulderchuck-roll and shoulder-clod; the cuts considered as "intermediate" (3.9<WBSF<4.6 kg) were the top-round, brisket, outside-round and brisket and short-plate-brisket; and the cut considered as "tough" (WBSF>4.6 kg) was the shank. Moreover, the WBSF values of cuts in the present study were almost equal the values (3.49 to 4.57 kg) reported for the longissimus dorsi, semimembranosus, semitendinosus, triceps brachii, psoas major, and biceps femoris muscles of horses slaughtered at 15-mo-old Franco and Lorenzo, 2014) , but lower than the values (5.24 to 5.95 kg) reported by Tateo et al. (2008) for the various muscles of 11-mo-old foals. The differences in the WBSF values for the muscles examined between the studies could be due to the effects by factors related to the breed, feeding condition, and post-slaughter treatment etc.
Effect of cut type on fatty acid composition
The relative percentage of intramuscular fatty acid composition in different cuts is presented in Table 4 . The outcome of our analysis revealed that significant differences in levels of all fatty acids occurred between the cuts with exception of oleic acid (C18:1n-9), linolenic acid (C18:3n3), eicosenoic acid (C20:1n9) and arachidonic acid (C22:4n6). It was also observed that four the most abundant fatty acids detected in all cuts were palmitic acid (C16:0), oleic acid (C18:1n-9), linoleic acid (C18:2n-6) and linolenic acid (C18:3n3). In particular, the levels of C16:0 in loin (31.16%) and strip-loin (31.02%) were significantly (p<0.05) higher than those in top-round (28.45%) and shank (28.13%) but similar to those of other remaining cuts. Similarly, the tender-loin and top-round had higher levels of C18:2n-6 than short-plate-brisket (p<0.05). The SFA, unsaturated fatty acids (UFA), PUFA contents also showed significant differences with their levels ranging between the cuts from 36.31% to 39.57%, 60.43% to 63.69%, and 20.15% to 24.80%, respectively. The differences in fatty acid composition could be due to the differences in triglycerides and phospholipids contents between the cuts. Our finding agrees well with those of Tateo et al. (2008) , , and Franco and Lorenzo (2014) , who showed a significant effect of type of muscle on fatty acid composition of foal meat. Compared with our data, those of Tateo et al. (2008) found higher SFA (43.69% to 45.22%) and similar PUFA (21.37% to 24.75%) contents in different muscles of 11-mo-old foals. In addition, higher SFA (44.49% to 45.38%) and lower MUFA (28.90%) were detected in longissimus dorsi muscle of foals slaughtered at 6-18-mo-old (Palo et al., 2013) . In contrast, lower SFA (33.62% to 36.08%) and higher PUFA (23.23% to 38.93%) contents were detected in various muscles of foals slaughtered at 15-mo-old . These contrasting results are probably due to the breed, age and feeding diet differences between the studies. Dietary n-3 PUFA have long been known to have effects on physiological processes, (Jump, 2002) therefore there has been much interest in the beneficial effects of these n-3PUFAs especially C18:3n-3 and eicosapentaenoic acid (C20:5n3) (Burdge and Calder, 2005) . Our results showed that the n-3 content was similar for all cuts examined. Also, the recommendations for the PUFA/SFA ratio for a healthy diet as a whole should be 0.40 or higher, while the ratio of n-6/n-3 fatty acids should be 4.0 or lower (Department of Health, 1994) because the ratio between n-6 and n-3 fatty acids plays an important role in reducing the risk of coronary heart disease (American Heart Association, 2008) . According to the outcome of our analysis, the PUFA/SFA ratios in all of cuts examined were above the recommended value of 0.4. Additionally, the n-6/n-3 ratios in all cuts were also within the recommended values of less than 4.0 with exceptions of few cuts such as tender-loin and top-round. Similar to our results, previous studies on horse meat slaughtered at different ages also showed the favorable PUFA/SFA and n-6/n-3 ratios (Sarriés and Beriain, 2005; Tateo et al., 2008; Palo et al., 2013; Franco and Lorenzo, 2014) . However, some authors have reported an unfavorable n-6/n-3 ratio (above the recommended values of less than 4.0) in longissimus dorsi muscle of foals slaughtered at 11-, 16-and 24-mo-old . In general, the horse meat cuts in the present study as well as in previous studies as cited above showed healthier fatty acid profile, characterized by lower SFA, higher PUFA contents, and more favorable PUFA/SFA and n-6/n-3 ratios in comparison with those in conventional meats such as beef (Ba et al., 2013) .
Effect of cut type on mineral composition
The mineral contents significantly (p<0.05) differed between the cuts (Table 5 ). Among the macro-elements detected, the concentrations of potassium (K) were generally higher than others, followed by phosphorous (P) (in decreasing order), sodium (Na), magnesium (Mg) and calcium (Ca). The Na, P, Ca, K and Mg contents ranged between the cuts from 489 mg/kg to 799.14 mg/kg, 2,415.45 mg/kg to 2,740.96 mg/kg, 55.20 mg/kg to 69.85 mg/kg, 2,680.40 mg/kg to 3,463.31 mg/kg, and 199.12 mg/kg to 254.63 mg/kg, respectively. Compared to various muscles of foals slaughtered at 15-mo-old Franco and Lorenzo, 2014) , the cuts in the present study had higher P, Ca, and K contents but had similar Na and lower Mg contents.
Among the minerals often found in foods, iron (Fe), manganese (Mn) and copper (Cu) are grouped as trace elements that are vital for maintaining human health, insufficient intake of these trace minerals can cause symptoms of nutritional deficiency (Tapiero and Tew, 2003) . The outcome of our analysis showed that the highest Cu content was found in shoulder-clod (2.75 mg/kg), lower in brisket (2.37 mg/kg) and lowest in strip-loin (1.52 mg/kg) (p<0.05). Regarding Fe content, its concentrations ranged between the cuts from 21.25 mg/kg to 30.85 mg/kg in which the cuts that had the highest Fe contents were tenderloin and shoulder-chuck-roll whereas short-plate-brisket had the lowest Fe content. For the Zn content, the highest concentration was found in shoulder-chuck-roll (54.49 mg/kg), lower in shank (40.42 mg/kg), followed by loin (34.75 mg/kg), top-round (25.54 mg/kg) and tender-loin (25.40 mg/kg), whereas the lowest in strip-loin (16.51 mg/kg) (p<0.05). The concentrations of Cu and Zn in most of cuts in our study were slightly higher than the values reported for various muscles of foals slaughtered at 15-moold in literature . In addition, similar Cu, Fe and Zn contents have been reported by Franco and Lorenzo (2014) for various muscles of 15-moold foals. On the other hand, when compared to the Fe contents in other meat types such as, beef muscles (19.3 to 20.07 mg/kg), pork loin (3.60 mg/kg) and chicken breast (4 mg/kg) reported in literature (Ramos et al., 2009 ), all of cuts studied had higher Fe contents.
Effect of cut type on amino acid composition
The amino acid (AA) contents of horse meat cuts are shown in Table 6 . Our results depict that sixteen amino acids including essential amino acids (EAA) and nonessential amino acids (NAA) were found, and their amounts significantly differed among the cuts. EAA cannot be produced by the human body, thus they must be supplied by diet. Without these EAA, the body is unable to function normally, and also the presence of amino acids enables vitamins and minerals to perform all their physiological functions (Wu, 2010) . In the present study, eight major EAAs including; threonine (THR), methionine (MET), valine (VAL), isoleucine (ILE), leucine (LEU), histidine (HIS), phynylalanine (PHE) and lysine (LYS) were detected in all of cuts studied. Amongst, LEU and LYS were the most predominant EAAs detected, and they presented at highest amounts in top-round. Similar to our results, those of , and Franco et al. (2013) showed that the EAAs which had the higher amounts in foal's longissimus dorsi were LEU and LYS. Regarding the total EAA content, the top-round showed the highest value which was significantly (p<0.05) higher than those in all of other-remaining cuts except for shank and strip-loin. For NAAs content, shank had the highest value, loin had lower and short-plate-brisket had the lowest value (p<0.05).
Regarding EA/AA ratio, the highest ratios were found in loin and strip-loin, and the lowest was found in shoulderchuck-roll (p<0.05). In addition, the EA/NAA ratio showed a highly significant difference, ranging between the cuts from 0.62 to 0.86. Similarly also found a significant difference between the foals muscles for the EA/NAA ratios with higher values (1.03 to 1.07) compared with those in our study. However, when compared to the EA/NAA ratios (0.81 to 0.85) reported by Franco et al. (2013) for longissimus dorsi muscle of 15-moold foals, most of cuts in the present study had similar EA/NAA ratio. From these obtained results it can be said that the differences in the amino acid contents and their ratios may be attributed due to the differences in quantity and quality of proteins between the cuts.
In conclusion, this is the first study to evaluate the chemical, meat quality and nutritional characteristics of majority of retail horse meat cuts according to the Korean Standard for retail cut trading and the carcass grading system. Type of retail cut had a significant effect on chemical composition, technological quality traits and nutritional composition of horse meat. In general, the horse meat cuts studied had the protein and fat contents similar to those of other conventional meat types published in literature. Additionally, all of horse meat cuts showed healthy nutritional profiles with high amount of traceelement (e.g., Fe), high PUFA and lower SFA contents, favorable PUFA/SFA and n-3/n-6 ratios. Therefore, the findings of the present study provide the useful information which can improve consumer's appreciation, acceptance and consumption for this meat type.
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